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Abstrat
These proeedings sketh how ombining reent theoretial advanes with data from the new genera-
tion of high-preision Compton sattering experiments on both the proton and few-nuleon systems
oers fresh, detailed insight into the Physis of the nuleon polarisabilities. A multipole-analysis
is presented to simplify their interpretation. Preditions from Chiral Eetive Field Theory with
speial emphasis on the spin-polarisabilities an serve as guideline for doubly-polarised experiments
below 300 MeV. The strong energy-dependene of the salar magneti dipole-polarisability βM1
turns out to be ruial to understand the proton and deuteron data. Finally, a high-auray deter-
mination of the proton and neutron polarisabilities shows that they are idential within error-bars.
For details and a better list of referenes, onsult Refs. [14℄.
1 Introdution
Nulear physiists are hardly surprised by the fat that the nuleon is not a point-like spin-
1
2
target with
an anomalous magneti moment in low-energy Compton sattering γN → γN . Rather, the photon eld
displaes its harged onstituents, induing a non-vanishing multipole-moment. These nuleon-struture
eets have in fat been known for many deades and (in the ase of a proton target) quite reliable
theoretial alulations for the deviations from the Powell ross-setion exist. They are anonially
parameterised starting from the most general interation between the nuleon N with spin ~σ/2 and an
eletro-magneti eld of xed, non-zero energy ω:
2π N †
[
αE1(ω) ~E
2 + βM1(ω) ~B
2 + γE1E1(ω) ~σ · ( ~E × ~˙E) + γM1M1(ω) ~σ · ( ~B × ~˙B)
− 2γM1E2(ω) σi Bj Eij + 2γE1M2(ω) σi Ej Bij + . . .
]
N
(1)
Here, the eletri or magneti (X, Y = E,M) photon undergoes a transition Xl → Y l′ of denite
multipolarity l, l′ = l ± {0, 1}; Tij := 12(∂iTj + ∂jTi), and the oeients are the energy-dependent
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or dynamial polarisabilities of the nuleon. Most prominently, there are six dipole-polarisabilities:
two spin-independent ones (αE1(ω), βM1(ω)) for eletri and magneti dipole-transitions whih do not
ouple to the nuleon-spin; and in the spin-setor, two diagonal (pure) spin-polarisabilities (γE1E1(ω),
γM1M1(ω)) and two o-diagonal (mixed) spin-polarisabilities, γE1M2(ω) and γM1E2(ω). In addition,
there are negligible ontributions from higher ones like quadrupole polarisabilities, see Set. 3.
Polarisabilities measure hene the global stiness of the nuleon's internal degrees of freedom against
displaement in an eletri or magneti eld of denite multipolarity and non-vanishing frequeny ω.
They ontain detailed information about the onstituents beause they lead to quite dierent dispersive
eets: There are low-lying nulear resonanes like the ∆(1232), the harged meson-loud around
the nuleon, internal relaxation eets, et. Spin-polarisabilities are partiularly interesting as they
parameterise the response of the nuleon-spin to the photon eld, having no lassial analogon.
It must be stressed that dynamial polarisabilities are a onept omplementary to generalised
polarisabilities. The latter probe the nuleon in virtual Compton sattering, i.e. with an inoming
photon of zero energy and non-zero virtuality, and an provide information about the spatial distribution
of harge and magnetism inside the nuleon. Dynamial polarisabilities on the other hand test the global
response of the internal nuleoni degrees of freedom to a real photon of non-zero energy and answer
the question whih internal degrees of freedom govern the struture of the nuleon at low energies by
parameterising the time-sale on whih the interation takes plae.
Nuleon Compton sattering provides thus a wealth of information about the internal struture of the
nuleon. However, in ontradistintion to many other eletro-magneti proesses, the nuleon-struture
eets probed in Compton sattering have not been analysed in terms of a multipole-expansion at xed
energies. Instead, most experiments have foused on just two parameters, namely the stati eletri and
magneti polarisabilities α¯ := αE1(ω = 0) and β¯ := βM1(ω = 0), whih are also often for brevity alled
the polarisabilities of the nuleon. Therefore, quite dierent theoretial frameworks are at present
able to provide a onsistent, qualitative piture for the leading stati polarisabilities. Their dynamial
origin is however only properly revealed by their energy-dependene, whih varies with the underlying
mehanism. For the proton, the generally aepted stati values
1
are α¯p ≈ 12 × 10−4 fm3, β¯p ≈
2 × 10−4 fm3, with error-bars of about 1 × 10−4 fm3. For the neutron, dierent types of experiments
report a range of values α¯n ∈ [−4; 19], and even less is known about the spin-polarisabilities.
These notes give an overview how ombining reent theoretial advanes with data from the new
generation of high-preision Compton sattering experiments also with polarised beams and targets
an oer fresh, detailed insight into these problems: We dene dynamial polarisabilities and study
their low-energy ontents in Set. 2, together with a model-independent extration of the salar dipole-
polarisabilities of the proton. Setion 3 proposes to extrat their energy-dependene and simultaneously
determine the ill-known spin-polarisabilities by polarised experiments. Finally, an aurate determina-
tion of the neutron polarisabilities from deuteron Compton sattering is reported in Set. 4.
2 Denition and Low-Energy Contents
A rigorous denition of energy-dependent or dynamial polarisabilities starts instead of (1) from the
six independent amplitudes into whih the T -matrix of real Compton sattering is deomposed:
T (ω, z) = A1(ω, z) (~ǫ
′∗ · ~ǫ) + A2(ω, z) (~ǫ ′∗ · ~ˆk) (~ǫ · ~ˆk′) + iA3(ω, z) ~σ · (~ǫ ′∗ ×~ǫ )
+iA4(ω, z) ~σ ·
(
~ˆk′ × ~ˆk
)
(~ǫ ′∗ · ~ǫ) + iA5(ω, z) ~σ ·
[(
~ǫ ′∗ × ~ˆk
)
(~ǫ · ~ˆk′)−
(
~ǫ× ~ˆk′
)
(~ǫ ′∗ · ~ˆk)
]
(2)
+iA6(ω, z) ~σ ·
[(
~ǫ ′∗ × ~ˆk′
)
(~ǫ · ~ˆk′)−
(
~ǫ× ~ˆk
)
(~ǫ ′∗ · ~ˆk)
]
1
It is ustomary to measure the salar dipole-polarisabilities in 10−4 fm
3
, so that the units are dropped in the following.
Notie that the nuleon is quite sti.
2
Here,
~ˆk (~ˆk′) is the unit-vetor in the momentum diretion of the inoming (outgoing) photon with
polarisation ~ǫ (~ǫ ′∗) and θ the sattering angle, z = cos θ.
We separate these amplitudes into a pole-part and a non-pole or struture-part A¯i. Intuitively, one
ould dene the pole-part as the one whih leads to the Powell ross-setion of a point-like nuleon
with anomalous magneti moment and thus parameterises all we hope to have understood about the
nuleon. Then, it would seem, the struture-part ontains all information about the internal degrees of
freedom whih make the nuleon an extended, polarisable objet. However, the question whih part a
ontribution belongs to annot be answered uniquely. In the following, only those terms whih have a
pole either in the s-, u- or t-hannel are treated as non-struture, see Ref. [2℄ for details. This means
for example that the large ontribution to the spin-polarisabilities from the π0γγ-vertex via a π0-pole
in the t-hannel is not part of the polarisabilities thus dened. In the alulation of observables, suh
a separation is learly irrelevant beause the struture-dependent and struture-independent part must
be summed. Here, however, we investigate the rle of the internal nuleoni degrees of freedom for the
polarisabilities. They are ontained only in the struture-part of the amplitudes.
We also hoose to work in the entre-of-mass frame. Thus, ω denotes the m-energy of the photon,
M the nuleon mass, and W =
√
s the total m-energy. Following older work on the multipole-
deomposition of the Compton amplitudes and pulling a kinematial fator out relative to (1), one
obtains for the expansion of the struture-parts of the amplitudes in terms of polarisabilities
A¯1(ω, z) =
4πW
M
[αE1(ω) + z βM1(ω)] ω
2 + . . . , A¯2(ω, z) = −4πW
M
βM1(ω)ω
2 + . . . ,
A¯3(ω, z) = −4πW
M
[γE1E1(ω) + z γM1M1(ω) + γE1M2(ω) + z γM1E2(ω)] ω
3 + . . . ,
A¯4(ω, z) =
4πW
M
[−γM1M1(ω) + γM1E2(ω)] ω3 + . . . , (3)
A¯5(ω, z) =
4πW
M
γM1M1(ω)ω
3 + . . . , A¯6(ω, z) =
4πW
M
γE1M2(ω)ω
3 + . . .
The various polarisabilities are thus identied at xed energy only by their dierent angular dependene.
Clearly, the omplete set of dynamial polarisabilities does  like all quantities dened by multipole-
deompositions  not ontain more or less information about the temporal response or dispersive eets
of the nuleoni degrees of freedom than the un-trunated Compton amplitudes. However, the in-
formation is more readily aessible and easier to interpret: Eah mehanism and hannel leaves a
harateristi signature in the polarisabilities. Moreover, it will turn out that all polarisabilities beyond
the dipole ones an be dropped in (3), as they are so far invisible in observables. For that reason, they
were saried to brevity in the expressions above and purists should onsider Ref. [2℄.
To identify the mirosopially dominant low-energy degrees of freedom inside the nuleon in a model-
independent way, we employ the unique low-energy theory of QCD, namely Chiral Eetive Field
Theory (χEFT). This extension of Chiral Perturbation Theory to the few-nuleon setor ontains only
those low-energy degrees of freedom whih are observed at the typial energy of the proess, interating
in all ways allowed by the underlying symmetries of QCD. A power-ounting allows for results of nite,
systematially improvable auray and thus for an error-estimate. The resulting ontributions at
leading order, listed in Fig. 1, are easily motivated:
(1) Photons ouple to the harged pion loud around the nuleon and around the ∆, signalled by a
harateristi usp at the one-pion prodution threshold.
(2) It is well-known that the∆(1232) as the lowest nulear resonane an be exited in the intermediate
state by the strong γN∆ M1-transition, leading to a para-magneti ontribution to the stati
3
magneti dipole-polarisability β¯∆ = +[7 . . . 13]. Its signal is a harateristi resonane-shape, as
in the Lorentz model of polarisabilities in lassial eletro-dynamis.
(3) As the observed stati value β¯p ≈ 2 is smaller by a fator of 5 than the ∆ ontribution, a strongly
dia-magneti omponent must exist. The resultant ne-tuning at zero photon-energy is unlikely
to hold one the evolution of the polarisabilities with the photon energy is onsidered: If dia- and
para-magnetism are of dierent origin, it is more than likely that they involve dierent sales and
hene dierent energy-dependenes. Therefore, they are apt to be dis-entangled by dynamial
polarisabilities. We sub-sume this short-distane Physis whih is at this order not generated by
the pion or∆ into two energy-independent low-energy oeients δα, δβ. While naïve dimensional
analysis sees them suppressed by an order of magnitude, |δα| ∼ |δβ| ≈ α
Λ2χM
∼ 1 with Λχ ≈ 1 GeV
the breakdown-sale of χEFT, the fats require them to be inluded at leading order already.
Figure 1: The dominant interations in χEFT whih give rise to the nuleon polarisabilities.
Left to right: pion loud around the nuleon and ∆; ∆ exitations; short-distane eets.
Permutations and rossed diagrams not shown. From Ref. [2℄.
Figure 2: Typial dierential ross-setions for proton Compton sattering. Left: Data and
χEFT without polarisabilities (dash-dotted); with only dipole-polarisabilities (dashed); full
amplitude (dotted). Right: Dispersion Theory (solid) ompared to χEFT with (long dashed)
and without ∆ ontributions (O(p3): short dashed; O(p4): dotted). From Refs. [2, 8℄.
The free onstants δα and δβ are determined by tting the un-expanded χEFT-amplitude to the
ornuopia of Compton sattering data on the proton [5, 6℄ below 200 MeV, f. Fig. 2. If these values
are onsistent within error-bars with the Baldin sum-rule for the proton, α¯p + β¯p = 13.8± 0.4, one an
in a seond step use this number as additional input. One obtains indeed
free t: α¯p = 11.5± 2.4stat , β¯p = 3.4± 1.7stat
with Baldin: α¯p = 11.0± 1.4stat ± 0.4Baldin , β¯p = 2.8∓ 1.4stat ± 0.4Baldin (4)
Higher-order orretions are estimated to ontribute an error of about ±1 not displayed here. The
statistial error dominates. These results ompare both in magnitude and unertainty favourably with
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state-of-the-art results e.g. from a global data-analysis [5℄ or from Dispersion Theory [7℄:
dispersion theory: α¯p = 12.4± 0.6stat ∓ 0.6syst , β¯p = 1.4± 0.7stat ± 0.5syst (5)
The two short-distane parameters are indeed anomalously large, δα = −5.9 ± 1.4, δβ = −10.7 ± 1.2,
justifying their inlusion at leading order. As expeted, δβ is dia-magneti. Trunating the multipole-
expansion in (3) is justied beause the inuene of the quadrupole and higher polarisabilities on
ross-setions and asymmetries for energies up to about 300 MeV is hardly visible, f. Figs. 2 and 4.
Not surprisingly, the ∆-ontribution is most pronouned at large momentum-transfers, i.e. bakward
angles, where even the next-to-leading order alulation without dynamial ∆ annot reprodue the
steep rise seen in the data as low as 120 MeV. For that reason, about half of the proton data below
200 MeV were exluded in the analysis leading to the nal numbers in [8℄.
With the parameters now xed, the energy-dependene of all polarisabilities is predited. The proton
and neutron polarisabilities are very similar in χEFT, iso-vetorial eets being of higher order. This
point will be onrmed also in Set. 4. We ompare with a result from Dispersion Theory, in whih
the dispersive eets are sub-sumed into integrals over experimental input from a dierent kinematial
régime, namely the photo-absorption ross-setion γN → X. Its major error-soures are the insuient
neutron data and the unertainty in modelling the high-energy behaviour of the dispersive integral.
The dipole-polarisabilities show the expeted behaviour, and thus no low-energy degrees of freedom
inside the nuleon are missing. Figure 3 shows that dynamial eets are large at photon energies
of 80 − 200 MeV where most experiments to determine polarisabilities are performed. Espeially at
large bakward angle, unpolarised and polarised ross-setions are rather sensitive to the non-analytial
struture of the amplitude around the pion usp and ∆-resonane, see Figs. 2 and 4, and [24℄.
The pion-usp  learly seen in the E1-polarisabilities  is quantitatively understood already at
leading order. The dipole spin-polarisabilities are preditions, three of them being independent of
the parameter-determination. Sine the mixed spin-polarisabilities (lower entre and right panel of
Fig. 3) are small, the relative unertainties in both Dispersion Theory and χEFT are large. While the
stati polarisabilities are real, the dynamial polarisabilities beome omplex one the energy in the
intermediate state is high enough to reate an on-shell intermediate state, the rst being the physial
πN-ontinuum, see [2℄.
Most notably is however the strong energy-dependene indued into βM1(ω) and all polarisabilities
ontaining an M1 photon even well below the pion-prodution threshold by the unique signature of the
∆ resonane: At ω ≈ 90 MeV, βM1 is already about 3 units larger than its stati value, rendering the
traditional approximation of βM1(ω) as stati-plus-small-slope β¯+ω
2β¯ν inadequate. This also reveals
the good quantitative agreement between the measured value of β¯p and the predition in a χEFT
without expliit ∆ as aidental: The ontribution from the pion-loud alone is not dispersive enough
to explain the energy-dependene of βM1. One ould inlude higher-order terms in the photon-nuleon
interations whih mimi the ∆, but their strengthes are then a-priori un-determined. Furthermore,
as the eet is strong, this would in-validate the power-ounting at the heart of a model-independent
analysis. When the ∆ is inluded, γM1M1 even hanges sign and γM1E2 nearly triples in magnitude.
While the ne details of the rising para-magnetism dier between χEFT and Dispersion Theory, they are
onsistent within the unertainties of the χEFT urve. The disrepany between the two shemes above
the one-pion prodution threshold is onneted to a derailed treatment of the width of the ∆-resonane,
whih is negleted in leading-one-loop χEFT at low energies.
The two short-distane parameters δα, δβ whih sub-sume all Physis not generated by the pion
loud or the ∆ sue to desribe the polarisabilities up to energies of 300 MeV when the nite width of
the ∆ is inluded [2℄. Therefore, three onstraints arise on any attempt to explain them mirosopially:
(1) The eet must be ω-independent over a wide range, like δα, δβ.
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Figure 3: The dipole-polarisabilities, predited by Dispersion Theory (solid) and χEFT
with (dashed, band from t-errors) and without (dotted) expliit ∆. Left: spin-independent;
middle, right: spin-dependent. ωpi: one-pion prodution threshold. From Ref. [2℄.
(2) It must our in the eletri and magneti salar polarisabilities, leading to the values for δα, δβ
predited in χEFT, but it must be absent at least in the pure spin-polarisabilities γE1E1, γM1M1.
(3) Its predition for the proton and neutron must be similar beause iso-vetorial eets were shown
to be small and energy-independent [2, 4℄, see also the neutron polarisabilities disussed in Set. 4.
Two proposals to explain δα, δβ were put forward: One attributes them to an interplay between short-
distane Physis and the pion loud ouring from the next-to-leading order hiral Lagrangean [9℄; the
other to the t-hannel exhange of a meson or orrelated two-pion exhange [10℄. Whether either gives
a quantitative desription of the short-distane oeients meeting these riteria is not lear yet.
3 Spin-Polarisabilities and Energy-Dependene from Data
Future doubly-polarised, high-auray experiments in partiular around the pion-prodution threshold
provide an exiting avenue to extrat the energy-dependene of the six polarisabilities per nuleon, both
spin-independent [2℄ and spin-dependent [3℄. This is partiularly interesting sine pratially no diret
information exists at present on the spin-polarisabilities: Only two linear ombinations are onstrained
from experiments [7℄, and only at zero photon-energy. These forward and bakward spin-polarisabilities
γ¯0 and γ¯pi of the nuleon involve however all four stati (dipole) spin-polarisabilities.
Consider the Compton sattering asymmetry Σx: The nuleon-spin lies in the reation-plane and
perpendiular to the irularly polarised inoming photon. Figure 4 shows strong sensitivity on the
spin-polarisabilities γi(ω) and on ∆-Physis, while higher polarisabilities are negligible. Similar ndings
hold for other asymmetries also with linearly polarised photons [3, 11℄.
With higher polarisabilities negligible, one an use the multipole-expansion of the sattering am-
plitudes (3) to perform with inreasing sophistiation ts of the six dipole-polarisabilities per nuleon
to data-sets whih ombine polarised and spin-averaged experiments, taken at xed energy but vary-
ing sattering angle [3℄. As starting values for the t, one might assume that the energy-dependene
of the polarisabilities derived above in χEFT is orret, with deviations taken as energy-independent.
The orresponding free normalisation for eah dipole-polarisability an be used to determine the stati
6
Figure 4: Typial sensitivity of the proton (left) and neutron (right) Compton sattering
asymmetry Σx. Left, solid lines: no polarisabilities; short dashed: no∆ Physis; long dashed:
full χEFT. Right, dashed lines: full χEFT result; dotted: without spin-polarisabilities; dot-
dashed: without quadrupole polarisabilities. From Ref. [3℄.
values. At low energies, this should be a viable proedure beause only ∆- and pion-degrees of freedom
are expeted to give dispersive ontributions to the polarisabilities, and χEFT predits their behaviour
model-independently. When the t of eq. (3) to data is made at eah energy independently, repeating
this proedure for various energies gives the energy-dependene of the polarisabilities. In this way, one
an extrat dynamial polarisabilities diretly from the angular dependene of observables.
The spin-independent polarisabilities αE1(ω), βM1(ω) from χEFT in Fig. 3 agree very well with
Dispersion Theory, both in their energy-dependene and overall size. They ould therefore be used in
a seond step as input to redue the number of t funtions in (3) to four, namely the four dipole
spin-polarisabilities. The good agreement in γE1E1(ω) and possibly γM1M1(ω) an  similarly  be used
to redue the number of t funtions further to three or two per nuleon: γE1M2(ω) and γM1E2(ω).
At present, only un-polarised data are available, in whih the dipole spin-polarisabilities are however
anything but negligible. As a feasibility-study, we demonstrate the method by a superial t of the
pure spin-polarisabilities to the existing data under the assumption that the mixed spin-polarisabilities
are negligible and the spin-independent polarisabilities are predited orretly [11℄. Clearly, today's
un-polarised data are only sensitive to a linear ombination of spin-polarisabilities and the error-bars
are rather large as the dependene on the spin-polarisabilities is quadrati in cos θ, while the data are
nearly linear at xed ω, see Fig. 5.
Figure 5: Feasibility study of a multipole-deomposition using existing data. Statistial
error-bars only; solid: χEFT-predition. From Ref. [11℄.
To analyse Compton sattering via a multipole-deomposition at xed energies an thus substantially
further our knowledge on the spin-struture of the proton.
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4 Neutron Polarisabilities and Deuteron Compton Data
Does the neutron reat similarly under deformations, α¯p ≈ α¯n, β¯p ≈ β¯n, et, as χEFT predits? Sine
free neutrons an only rarely be used in experiments, their properties are usually extrated from data
taken on few-nuleon systems by subtrating nulear-binding eets. This should be done in a model-
independent way and with an estimate of the theoretial unertainties as in χEFT. However, dierent
types of experiments report a range of values α¯n ∈ [−4; 19]: Coulomb sattering of neutrons o lead,
or deuteron Compton-sattering with and without breakup, see [4℄ for a list. As deuteron Compton
sattering should provide a lean way to extrat the iso-salar polarisabilities α¯s := 1
2
(α¯p + α¯n) and β¯s
parallel to determinations of the proton polarisabilities, experiments were performed [12℄ in Urbana at
ω = 49 and 69 MeV, in Saskatoon (SAL) at 94 MeV, and in Lund at 55 and 66 MeV. While the low-
energy extrations are onsistent with small iso-vetorial polarisabilities, the SAL data lead to oniting
analyses: The original publiation gave α¯s = 8.8 ± 1.0, employing the Baldin sum-rule for the stati
nuleon polarisabilities, α¯s+ β¯s = 14.5± 0.6. Levhuk and L'vov obtained α¯s = 11± 2, β¯s = 7± 2 [13℄;
and Beane et al. found reently from all data α¯s = 13± 4, β¯s = −2± 3 [8℄. The extration being very
sensitive to the polarisabilities, an embedding the neutron into a nuleus lead to the disrepany?
Figure 6: Deuteron Compton sattering in χEFT to O(ǫ3). Left: one-body (dots: ele-
tri/magneti ouplings; blob: nuleon polarisabilities, Fig. 1). Right: two-body parts
(pion-exhange urrents). Permutations and rossed diagrams not shown. From Ref. [4℄.
Of ourse, two-body ontributions from meson-exhange urrents and wave-funtion dependene
must be subtrated from data with minimal theoretial prejudie. Figure 6 lists the ontributions to
Compton sattering o the deuteron to next-to-leading order in χEFT. The alulation is parameter-
free, exept for the short-distane oeients δα, δβ in the nuleon polarisabilities. The nuleon- and
nulear-struture ontributions learly separate at this (and the next) order. While the two-nuleon
piee does not ontain the ∆(1232)-resonane in the intermediate state at this order as the deuteron is
an iso-salar target, this is not true for the polarisabilities, as seen in Set 2. Figure 7 shows that the
strong energy-dependene from exiting the ∆ is indeed pivotal to reprodue the shape of the data at
94 MeV in partiular at bak-angles. Thus, we argue that the disrepany in extrations from the SAL
data and at lower energies is resolved.
So far, dynamial eets had largely been negleted in the analyses: Trunating the Taylor-expansion
of the polarisabilities around zero-photon energy at order ω2 under-estimates βM1(ω = 95 MeV)− β¯ ≈
1.7 [13℄, while our multipole-analysis gives ≈ 4 (Fig. 3). The χEFT-alulation of Beane et al. [8℄ ited
already in the proton-extration uses the same deuteron wave-funtions and meson-exhange urrents
as we, but sub-sume all ∆-eets into short-distane operators whih enter only at higher order and are
only weakly dispersive. They hene exlude the two SAL-points at large angles from their nal analysis.
Fitting in χEFT with expliit ∆ the two short-distane parameters δα, δβ to deuteron Compton
sattering data above 60 MeV (Fig. 7), one nds as stati values:
free t: α¯s = 12.8± 1.4stat ± 1.1wavefu , β¯s = 2.1± 1.7stat ± 0.1wavefu
with Baldin: α¯s = 12.6± 0.8stat ± 0.7wavefu ± 0.6Baldin , β¯s = 1.9∓ 0.8stat ∓ 0.7wavefu ± 0.6Baldin (6)
Again, higher-order eets an be estimated to indue an additional systemati error of ±1. The Baldin
sum-rule α¯s+ β¯s = 14.5± 0.6 is already well-reprodued by the unonstrained t. Comparing with the
stati proton polarisabilities (4) determined by the same method, the proton and neutron polarisabilities
turn indeed out idential within the statistial unertainty.
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Figure 7: Deuteron Compton sattering in χEFT at O(ǫ3) with α¯s, β¯s from eq. (6), using
the Baldin sum rule. Top: Grey bands: Statistial error. Bottom: Comparison between
χEFT with expliit∆ (solid) and without expliit∆ (dashed: O(p3), parameter-free; dotted:
O(p4), best t). From Ref. [4℄ with the help of Ref. [8℄.
5 Perspetives
Dynamial polarisabilities test the global response of the nuleon to the eletri and magneti elds of
a real photon with non-zero energy and denite multipolarity. They answer the question whih internal
degrees of freedom govern the struture of the nuleon at low energies and an be dened by a multipole-
expansion of the Compton amplitudes. While they do not ontain more or less information than
the orresponding Compton sattering amplitudes, the fats are more readily aessible and easier to
interpret. Dispersive eets in partiular from the ∆(1232) are neessary to obtain aurate extrations
for the stati polarisabilities of the nuleon from the available data. Future work inludes:
(i) The non-zero width of the ∆ and higher-order eets from the pion-loud beome ruial when
probing the nuleon-response in the resonane region.
(ii) As seen, a multipole-analysis from doubly-polarised, high-auray experiments provides a
new avenue to extrat the energy-dependene of the six dipole-polarisabilities per nuleon, both spin-
independent and spin-dependent [2, 3, 11℄. This will in partiular further our knowledge on the spin-
polarisabilities, and hene on the spin-struture of the nuleon. A (ertainly inomplete) list of planned
or approved experiments at photon-energies below 300 MeV shows the onerted eort in this eld:
polarised photons on polarised protons, deuterons and
3
He at TUNL/HIγS; tagged protons at S-
DALINAC; polarised photons on polarised protons at MAMI; and deuteron targets at MAXlab. With
for example only 29 (un-polarised) points for the deuteron in a small energy range of ω ∈ [49; 94] MeV
and error-bars on the order of 15%, new data an improve the situation substantially.
(iii) The deuteron data at 49 and 55 MeV [12℄ are not inluded in our analysis beause the χEFT-
power-ounting of Fig. 6 is not tailored to the low-energy end and must be modied to yield the orret
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Thomson limit. This problem is partially irumvented in Ref. [8℄, and a full treatment is in its nishing
stages [11℄. On the other hand, the pion-exhange terms an be integrated out at lower energies, and
one arrives at the pion-less EFT of QCD. Not only is this version omputationally onsiderably less
involved than the pion-ful version χEFT; it also has the advantage that the Thomson limit is reovered
trivially. While Compton sattering beomes the less sensitive to the polarisabilities the lower the
energy, a window exists between about 25 and 50 MeV where dispersive eets are negligible and this
variant an aid high-auray experiments e.g. at HIγS to extrat the stati polarisabilities in a model-
independent way. Reently, Chen et al. [15℄ demonstrated that due to the large iso-vetorial magneti
moment, the vetor amplitudes in dγ-sattering are anomalously enhaned in this version. Adding to a
previous alulation by Rupak and Grieÿhammer [14℄, they found that the data at 49 and 55 MeV are
in fat well in agreement with the values given above and report α¯s = 12± 1.5, β¯s = 5± 2.
Enlightening insight into the eletro-magneti struture of the nuleon has already been gained from
ombining Compton sattering o nuleons and few-nuleon systems with χEFT and energy-dependent
or dynamial polarisabilities; and a host of ativities should add to it in the oming years.
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